supplements. Nonsmoking elderly persons using no medication, no special diet, no supplements, and no alcohol, without acute or chronic disease, were included. The exclusion criteria were a history of dementia (including vascular dementia), stroke, coronary artery disease (accompanied by current steady -state electrocardiography), diabetes, neoplastic disease, or inflammatory disease. Additional biochemical exclusion criteria were albuminuria reflected by the albumin -to--creatinine ratio exceeding 30 mg of albumin/1 g of creatinine in a fresh morning urine sample and/or decreased estimated glomerular filtration rate (eGFR; <60 ml/min/1.73 m 2 ) based on the Modification of Diet in Renal Disease formula: eGFR (ml/min/1.73 m 2 ) = (186 × Next, 90 individuals were referred for a 75 -gram oral glucose tolerance test (OGTT) according to the World Health Organization recommendations, 19 and, as a result, 15 elderly persons with newly diagnosed diabetes were excluded from the study.
Finally, the results of the measurement of plasma HDL -C levels allowed us to classify study participants into 2 groups: high HDL -C group (with HDL -C levels of 40.0 mg/dl or higher for men and 50.0 mg/dl or higher for women; n = 50) and low HLD -C group (with HDL -C levels of less than 40.0 mg/dl for men and less than 50.0 mg/dl for women; n = 25).
The study was performed in accordance with the 1975 Declaration of Helsinki for Human Research, and the study protocol was approved by the Bioethics Committee of the Poznan University of Medical Sciences, Poznań, Poland (statement numbers, 142/11 and 595/11). All participants gave their written informed consent.
Measurements All patients underwent a complete physical examination including the measurement of systolic blood pressure (SBP) and diastolic blood pressure (DBP), percentage of body fat (FAT) using the bioimpedance method (BodyStat equipment, Bodystat Ltd, Ballakaap, Great Britain), and body mass index (BMI). SBP and DBP measurements were made on a validated OMRON model M10 -IT sphygmomanometer (Omron Health Care, Kyoto, Japan), following the recommendations of the European Society of Hypertension. The mean of 3 measurements was used as a value of blood pressure.
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Blood sampling and biochemical analysis Blood was collected from the ulnar vein twice: at 0 and 120 minutes of the 75 -gram OGTT. Fasting blood samples were used to measure the concentration of glucose and lipids in plasma samples without symptoms of hemolysis. Oxidant-antioxidant balance indices were measured in fasting blood samples. Blood collected at 120 minutes of OGTT was used for the measurement of plasma glucose concentrations. and the risk of cardiovascular disease in the elderly population. Therefore, meeting targets in older adults is still challenging. Moreover, there is insufficient evidence to confirm that therapeutic interventions aimed at elevating HDL-C levels are beneficial, and also the molecular complexity of atherosclerosis should be considered. 7 During the development of atherosclerosis, high TC and LDL -C levels are an unfavorable finding, while low TC levels might be a typical characteristic of late -onset dementia. Low HDL -C levels are always an unfavorable finding, and they may be a marker of either a chronic or a recent disease. 8 The possibility of using HDL -C levels as a marker of atherosclerosis is currently investigated by basic, clinical, and public health sciences. Low HDL -C levels are associated with an increased overall cardiovascular risk both in younger and older individuals, with a stronger relationship between atherosclerosis and dyslipidemia observed in the elderly. 9,10 Clinical studies have also reported that low HDL -C levels are associated with increased incidence of either cardiovascular disease or dementia in this population. 11,12 Therefore, it is necessary to investigate different mechanisms underlying the atheroprotective activity of high -density lipoprotein, beyond the promotion of reverse cholesterol transport. These mechanisms employ the antioxidant, antithrombotic, anti -inflammatory, and antiapoptotic properties of the HDL molecule. 13 Investigators agree that due to the involvement of numerous factors in the development of atherosclerotic plaque, increased oxidative stress (defined as an imbalance between the production and degradation of reactive oxygen species) appears to play an important role in chronic inflammatory response to dyslipidemia and related disorders. 14-16 It is known that LDL is involved in atherosclerosis through the plasma lipid peroxidation product -dependent pathway, 17 but the mechanism by which oxidative stress occurs at high and low levels of HDL -C is still unclear. Oxidative stress is characterized by oxidant and antioxidant imbalance that involves numerous enzymatic and nonenzymatic factors.
In the present study, we evaluated the activity of intracellular antioxidant enzyme, erythrocyte superoxide dismutase 1 (SOD -1), and the plasma levels of total antioxidant status (TAS) as well as thiobarbituric acid -reacting substances (TBARS) (to reflect plasma lipid peroxidation products) in elderly individuals with high or low HDL -C levels and no other abnormalities.
PATIENTS AND METHODS Subjects and setting
The study included 541 elderly Caucasian volunteers from the Poznań metropolitan area in western Poland. Participants were aged 60 years or older (according to the United Nation's definition) 18 and reported no complaints. Assessment tools included a questionnaire developed by ourselves, which identified the recognized diseases or disabilities and unhealthy habits (ie, alcohol and drug use, smoking) as well as a particular diet or Statistical analysis Statistica 12.0 version for Windows (StatSoft, Kraków, Poland) was used for statistical analysis. The normality of value distribution was checked by the Shapiro-Wilk test. Then, the results with a Gaussian distribution were analyzed with the t test, and those with a non -Gaussian distribution were verified by the nonparametric Mann-Whitney test to assess the differences between high HDL -C and low HDL -C groups. The Spearman rank correlation test was used to evaluate the strength of association between 2 variables. A multiple regression analysis was performed to evaluate the relationship between independent variables and SOD -1, TAS, and TBARS. A P value of less than 0.05 was considered to reflect a significant difference and correlations. The results described by Gaussian distribution are presented as mean and SD, and those characterized by a non -Gaussian distribution-as median and interquartile range.
The correlations between the oxidative stress markers (TBARS, SOD -1, and TAS) and age, BMI, waist circumference (WC), blood pressure (SBP and DBP), FAT, plasma lipids, and glucose concentrations at 0 and 120 minutes of the OGTT were analyzed using a multiple regression analysis for the following 3 models: A) BMI, WC, and FAT (TABLE 4); B) SBP, DBP, FAT, and glucose concentrations at 0 and 120 minutes of the OGTT (TABLE 5); and C) TC, HDL -C, and Tg (LDL -C was not included as derivative of the analyzed variables) (TABLE 6).
The following groups and subgroups of patients were analyzed: 1) all subjects; 2) women/men; and 3) HDL -C = 1 (high HDL -C group)/HDL -C = 0 (low HDL -C group).
RESULTS
The clinical and biochemical characteristics of all patients according to sex are presented in TABLE 1. Women had lower WC (P <0.01) and higher FAT (P <0.0001) as well as higher HDL -C concentrations (P <0.0001) in comparison with men, which is a typically observed difference between sexes.
The oxidant-antioxidant status and the clinical and biochemical characteristics of high HDL -C and low HDL -C groups are presented in TABLE 2. The groups did not differ in terms of age, blood pressure, BMI, FAT, glucose concentrations (both fasting and after the OGTT); however, the high HDL -C group had lower WC (P <0.02) and lower Tg levels (P <0.00001).
The analysis of oxidative stress markers revealed increased TBARS levels in the low HDL -C group (P <0.0005). There were no differences in antioxidant defense parameters (both intra-and extracellular) between the groups. The mean value of TAS in our population was 1.37 ±0.25 mmol/l, while the reference range for the European working population proposed by Randox Laboratories Ltd. was from 1.30 to 1.77 mmol/l.
The analyses of correlations between oxidative stress markers and other parameters in both groups were performed (TABLE 3). In the high Glucose and lipid assays The OGTT was performed between 7:00 and 9:00 AM according to World Health Organization recommendations. Glucose concentrations were determined at 0 and 120 minutes of the OGTT, following a standard dose of 75 -gram glucose load. Glucose and lipid parameters, including TC, HDL -C, and triglyceride (Tg) concentrations, were evaluated by enzymatic methods using a bioMérieux reagent kit (Marcy -l'Etoile, France) and the UV -160A Shimadzu spectrophotometer (Shimadzu Co., Kyoto, Japan). LDL -C levels were calculated using the Friedwald formula for lipid parameters expressed in mg/dl: LDL -C = TC − HDL -C − (Tg/5) if Tg <400 mg/dl.
Rreference sera RANDOX Assayed Human Multi -Sera Level 1 (as normal) and RANDOX Assayed Human Multi -Sera Level 2 (as pathological) (Randox, Crumlin, United Kingdom) were used for monitoring the accuracy of the measurements.
Oxidant-antioxidant balance indices Plasma TAS levels and activity of erythrocyte cytoplasmic superoxide dismutase Cu-,Zn -SOD (EC: 1.15.1.1) (SOD -1) were measured spectrophotometrically by a colorimetric assay based on the decrease in the optical density of the blank produced by each sample in analogy to its antioxidant property, using Randox reagent kits (Randox Laboratories Ltd., Crumlin, Co. Antrim, United Kingdom) and Stat Fax 1904 Plus spectrometer (Awareness Technology, Inc., Palm City, Florida, United States).
Total antioxidant status The measurement of TAS was done using ABTS + (2,2'-azino -bis(3--ethylbenzothiazoline -6-sulphonic acid) radical formation kinetics. The presence of antioxidants in plasma suppressed the bluish -green staining of the ABTS cation, which was proportional to the antioxidant concentration. Kinetics was measured at 600 nm. The intra-and interassay coefficients of variation (CVs) for TAS were 1.5% and 3.8%, respectively.
Red blood cell Cu-,Zn -superoxide dismutase EC:
1.15.1. 1 The method employs xanthine and xanthine oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5 -phenyltetrazolium chloride (INT) to form a red formazan dye. SOD -1 activity was measured by the degree of inhibition of the reaction. Kinetics was measured at 505 nm. The intra-and interassay CVs for SOD -1 were 1.6% and 2.7%, respectively.
Thiobarbituric acid -reacting substances The plasma levels of TBARS, reflecting plasma lipid peroxidation products, were determined by the Okhawa method, 21 using Sigma reagents (Germany) and Specord M40 spectrometer (Germany). The intra-and interassay CVs for TBARS were 1.8% and 3.7%, respectively. HDL -C group, a strong positive correlation between TAS and SOD -1 was observed, while no such correlation was found in the low HDL -C group. Moreover, the high HDL -C group showed a negative correlation between the TAS and glucose concentrations at minute 0 of the OGTT and between TAS and TBARS levels. In the low HDL -C group, TAS correlated positively with Tg levels, while no such correlation was observed in the high HDL -C group. In addition, we observed several negative correlations: between HDL -C levels and WC in both groups, between HDL -C levels and glucose concentrations at minute 120 of the OGTT in the high HDL -C group, and between HDL -C levels and DBP in the low HDL -C group.
The significant results (P <0.05) of the multiple regression analysis with respect to models A, B, and C, described in the Patients and methods section are included in TABLES 4, 5, and 6, respectively, to present a variable that correlated with the studied oxidative stress marker independently from other factors.
DISCUSSION A reduced HDL -C level is a well--established risk factor for coronary artery disease in young adults and should be measured to assess cardiovascular risk.
22 Aging itself increases the risk of cardiovascular events, and the identification of elderly individuals at high atherosclerotic risk is essential for the prediction, primary and secondary prevention, diagnosis, and prognosis of cardiovascular diseases.
23,24 Despite this, there have been no studies so far that would clearly demonstrate the benefits of raising HDL -C levels in elderly population.
In the present study, we evaluated oxidant--antioxidant balance indices in older individuals characterized by high and low concentrations of HDL -C. Lipid -lowering, antihypertensive, elevated Tg levels) promotes lipid peroxidation independently of antioxidant capacity or that inadequate antioxidant response might be observed in elderly individuals. Our study also showed an inverse correlation between TAS and TBARS levels in the high HDL -C group only, which in our opinion is an additional benefit in this group. Our previous study showed a significant positive correlation between SOD -1 and TAS in normoglycemic patients, while no such correlation was observed in hyperglycemic ones. 30 In this study, we found a similar strong positive correlation between SOD -1 and TAS in the high HDL -C group, whereas in the low HDL -C group, a disintegration between intra-and extracellular antioxidant state was observed. In the low HDL -C group, a positive correlation between TAS and Tg levels might reflect the mobilizing effect of Tg on plasma antioxidant capacity associated with a decrease in HDL -C levels.
Gomez -Marcos et al 31 found a negative correlation between SOD -1 activity and HDL -C levels and a positive correlation between SOD -1 and Tg levels in hypertensive and diabetic patients, while Grygiel et al 32 found a negative correlation between Tg levels and SOD -1 activity and a positive correlation between HDL -C levels and SOD -1 activity in postmenopausal obese women. In the present study, the results of the multiple regression analysis concerning SOD -1 activity in the whole study population, as well as separately in men and women, suggest that SOD -1 activity may be negatively affected by Tg levels, and, on the other hand, that SOD -1 activity may increase compensatory to a decrease in HDL -C levels. In particular, increasing Tg levels might be responsible for 42% of dysregulation of SOD -1 activity in elderly individuals with low HDL -C levels and no other abnormalities.
We also found that linear changes of plasma HDL -C levels may be inversely correlated with 43% of variability in plasma TBARS levels either in men or in women, suggesting a significant protective role of HDL in plasma lipid peroxidation in elderly people. Interestingly, in individuals with high HDL -C levels, increasing glucose concentrations at 0 and 120 minutes of the OGTT might explain an increase of 35% in plasma TBARS levels, which is another reason for increasing oxidative stress independently of antioxidant activity. Additionally, an increase in FAT may be associated with a decrease of 34% in TAS levels in the high HDL -C group.
No differences in SOD -1 activity and TAS levels between the groups might be caused by metabolic factors affecting the oxidant-antioxidant balance, which were discussed above, as well as by the lack of comorbidities in the study population.
Concerning the oxidant-antioxidant system in our study group, higher prooxidant activity was observed in individuals with low HDL -C levels. Dyslipidemia was shown to be involved in the development of oxidative stress in elderly subjects, and low HDL -C concentrations are an unfavorable and antidiabetic drugs have been reported to reduce oxidative stress in humans. 25,26 Importantly, all subjects included in our study were drug--naive, and they were not using any medications that might have influenced the oxidant-antioxidant balance.
Enhanced oxidative stress measured by a concentration of malondialdehyde (MDA), reflecting lipid peroxidation products, was reported in patients with angiographically diagnosed coronary artery disease when compared with healthy controls. 27 Kumawat et al 28 compared elderly persons with younger individuals and found elevated MDA levels and decreased SOD -1 activity in the elderly group. In our study, we showed for the first time significantly higher TBARS levels (reflecting lipid peroxidation products) in individuals with low HDL -C levels in comparison with those with high HDL -C levels. However, our study showed no difference in SOD -1 activity and TAS between low and high HDL -C groups. Gupta et al 29 reported increased SOD -1 in the initial stages of coronary artery disease to protect and prevent lipid peroxidation, but it decreased thereafter with the severity of the disease. Thus, we suggest that in older individuals, dyslipidemia (low HDL -C and finding in this population. In healthy elderly individuals, low HDL -C levels may result in reduced antioxidant defense. Low HDL -C levels, which are known to describe the antiatherogenic function of HDL, including its antioxidant properties, might reflect elevated oxidative stress in otherwise healthy elderly individuals.
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